The muscularis mucosae, a type of smooth muscle located between the urothelium and the urinary bladder detrusor, has been described, although its properties and role in bladder function have not been characterized. Here, using mucosal tissue strips isolated from guinea pig urinary bladders, we identified spontaneous phasic contractions (SPCs) that appear to originate in the muscularis mucosae. This smooth muscle layer exhibited calcium (Ca Consistent with this, the BK channel current density in myocytes from the muscularis mucosae was ~20% of that in detrusor myocytes. These findings indicate that the muscularis mucosae in guinea pig represents a second smooth muscle compartment that 3 is physiologically and pharmacologically distinct from the detrusor, and may contribute to the overall contractile properties of the urinary bladder.
Abstract
The muscularis mucosae, a type of smooth muscle located between the urothelium and the urinary bladder detrusor, has been described, although its properties and role in bladder function have not been characterized. Here, using mucosal tissue strips isolated from guinea pig urinary bladders, we identified spontaneous phasic contractions (SPCs) that appear to originate in the muscularis mucosae. This smooth muscle layer exhibited calcium (Ca -activated potassium (BK) channels with iberiotoxin (IbTX), indicating that SK and BK channels play a much smaller role in regulating muscularis mucosae SPCs than they do in regulating detrusor SPCs.
Consistent with this, the BK channel current density in myocytes from the muscularis mucosae was ~20% of that in detrusor myocytes. These findings indicate that the muscularis mucosae in guinea pig represents a second smooth muscle compartment that
Introduction
The urinary bladder is a hollow, muscular organ that serves two functions: urine storage and elimination. The bladder wall is composed of detrusor smooth muscle, which accounts for a large fraction of the bladder mass, and a layer of transitional epithelial cells known as the urothelium, which lines the luminal surface of the urinary bladder.
The detrusor smooth muscle has been extensively characterized and is clearly responsible for the majority of the contractile properties of the urinary bladder (1, 69) . The urothelium, which was originally thought to simply act as a passive, impermeable barrier that prevents the movement of solutes from the urine into the bloodstream, is now recognized to possess a broad range of sensory and signal transduction functions that greatly influence bladder physiology (for a review, see (5)).
The detrusor exhibits two primary modes of contractile behavior: nerve-evoked contractions and spontaneous phasic contractions (SPCs). Nerve-evoked contractions of the detrusor are caused by release of ATP and acetylcholine (ACh) from parasympathetic nerve varicosities onto detrusor myocytes. ATP and ACh bind to purinergic and muscarinic receptors, respectively, triggering action potentials that increase intracellular calcium (Ca 2+ ) and initiate contraction (31, 43, 53) . In contrast, SPCs are induced by spontaneous action potentials in detrusor myocytes. Ca (29, 63) . K V channels contribute to the afterhyperpolarization phase along with small-conductance Ca 2+ -activated K + (SK) channels (12, 21, 25) .
Because BK and SK channels play such a central role in mediating action potential repolarization, blocking them with toxins such as iberiotoxin (IbTX) or apamin, respectively, potentiates the detrusor smooth muscle action potential and greatly increases the force of the resulting contractions (32, 44, 69) . Activating BK channels with novel compounds such as NS11021 (43) or SK channels with NS309 decreases contraction force (unpublished observations).
The region between the basement layer of the urothelium and the luminal surface of the detrusor contains numerous sensory and effector nerve fibers (4, 14) , and a dense network of blood vessels and capillaries (39, 40, 50, 51) , all of which are embedded in a connective tissue matrix. A diverse group of cells reside in this area, including cells described as myofibroblasts, now known as interstitial cells of Cajal (ICCs) (nomenclature designated at the "Fifth International Symposium on Interstitial Cells of Cajal" (Ireland, 2007) . The physiological role of these cells is unclear, but they may contribute to sensory processing and serve a role in mediating communication between the urothelium and detrusor (for review, see (46) ). A type of smooth muscle-the muscularis mucosae-has also been identified between the basement layer of the urothelium and the muscularis of the detrusor (10, 42, 54, 59, 67, 68) . Although the existence of the muscularis mucosae is well established in the medical literature, particularly with respect to its role in the development of urinary bladder cancer, its functional role in normal urinary bladder contractility and physiology has not been characterized. In tissues that possess a similar layer, such as the gastrointestinal tract (for review, see (65) ) and esophagus (13, 17, 38) , the muscularis mucosae has been shown to exhibit spontaneous phasic contractility and also to respond to nerve-induced stimulation.
The extent and nature of spontaneous and nerve-evoked contractions of the muscularis mucosae in the esophagus exhibit large species-specific variability (65), highlighting potential uncertainties about their functional role in this tissue. In the colon, spontaneous phasic activity of the muscularis mucosae has been suggested to play a role in modulating mucosal secretion (56, 57, 61) , reducing mucosal surface area in response to noxious stimuli (45, 55) , and facilitating the release of acids into the stomach (62) .
The properties of detrusor smooth muscle have often been investigated using urinary bladder strips with the mucosal or urothelial layer removed. It has been assumed that the mucosal layer is devoid of contractile behavior, but cells in this layer may release factors that could affect detrusor smooth muscle function. Contrary to this presumption, we found that mucosal strips exhibited SPCs that can be attributed to a layer of smooth muscle located just abluminal to the basement layer of the urothelium-the muscularis mucosae. These SPCs likely result from bursts of Ca 2+ (flashes) that elevate Ca 2+ in the mucosal layer. The force of SPCs generated by the mucosal layer was equivalent to that of detrusor SPCs; however, the peak force of detrusor contractions evoked by 60 K + was ~40 fold greater than that of the muscularis mucosae. In contrast to the detrusor, the mucosal layer exhibited very little SK and BK channel activity. These findings suggest that the muscularis mucosae functionally distinct from the detrusor and may contribute to bladder physiology.
Materials and Methods

Animals
Male guinea pigs (250-400 g) were euthanized with isoflurane and exsanguinated according to a protocol approved by the Institutional Animal Care and Use Committee of the University of Vermont. The urinary bladders were removed and placed into ice-cold dissection solution (DS) consisting of 80 mM monosodium glutamate, 55 mM NaCl, 6 mM KCl, 10 mM glucose, 10 mM Hepes, and 2 mM MgCl 2 , adjusted to pH 7.3.
Contractility studies
Each bladder was cut open and rinsed with DS to remove any residual urine and pinned to a Sylgard-lined dissecting dish with the serosal surface facing down. The bladders were trimmed into a rectangle approximately 16 x 5 mm, and the mucosal layer was separated from the detrusor by gently lifting up a corner of the mucosae along a natural plane of division and then snipping away the connective tissue linking it to the underlying detrusor. The resulting detrusor and mucosal sheets were then cut into eight equivalent strips, each ~5 x 2 mm. Detrusor strips were composed of detrusor smooth muscle whereas mucosal strips included urothelium and muscularis mucosae smooth muscle. Intact bladder strips were prepared as described without separating mucosal and detrusor layers.
The contractile activity of detrusor and mucosal strips was analyzed separately.
Each strip was suspended from a force transducer in a temperature-controlled (37° C) jacketed water bath containing physiological saline solution (PSS) consisting of 119 mM NaCl, 4.7 mM KCl, 24 mM NaHCO 3 SPCs was often much larger than the evoked response making it very difficult to accurately measure the evoked response. For these experiments we used peak amplitudes of SPCs before and after each stimulus as our baseline and measured the amplitude of the evoked response that was greater than this value. Evoked responses less than SPC amplitude were plotted as zero.
Electrophysiology
To compare the electrophysiological properties of detrusor and mucosal smooth muscle cells, we first separated the mucosal layer from the detrusor as detailed above.
The resulting tissue sheets were diced into small sections (~2 x 2 mm), which were then placed into a 1-mg/ml papain solution (Worthington Biochemical Corp., Freehold, NJ, USA) prepared in DS containing 1 mg/ml dithioerythritol, and incubated for ~20 min at 37°C. Following a brief rinse in ice-cold DS, tissue sections were transferred to a vial containing 1 mg/ml collagenase (Type II) and 100 µM CaCl 2 , and incubated for ~6 min at 37°C. After rinsing in ice-cold DS, the tissue sections were gently triturated using a firepolished Pasteur pipette to release smooth muscle cells.
The isolated cells in DS were placed in a glass-plated chamber for ~20 min, and then immersed in a bath solution containing 134 mM NaCl, 6 mM KCl, 10 mM glucose, 1 mM MgCl 2 , 2 mM CaCl 2 , and 10 mM Hepes, adjusted to pH 7.3. Whole-cell currents were recorded using the perforated-patch configuration of the patch-clamp technique.
Pipettes with a resistance of 4-5 ΜΩ were filled with a solution consisting of 110 mM potassium aspartate, 30 mM KCl, 10 mM NaCl, 1 mM MgCl 2 , 0.05 mM EGTA, 200 µg/ml amphotericin, and 10 mM Hepes, adjusted to pH 7.3. All reagents were from Sigma-Aldrich (St. Louis, MO, USA) unless specifically indicated otherwise. Whole-cell outward currents were evoked using 10-mV depolarizing steps (250 ms) from an initial holding potential of -60 mV up to +60 mV. Where applicable, IbTX (100 nM; Peptides International, Louisville, KY, USA) was added to block BK channels, and all currents were normalized to cell capacitance (pA/pF). All patch-clamp experiments were performed at 22°C-23°C.
Ca
2+
imaging Ca 2+ events in the guinea pig urinary bladder were studied in mucosal and detrusor layers, prepared as described above. The resulting tissues were cut into thin strips (~1 x 3 mm), mounted to a Sylgard block with small pins, and loaded with the 
Immunohistochemistry and histology
Tissue strips (intact, detrusor, or mucosal), prepared as detailed above, were fixed in 4% paraformaldehyde in PSS and then embedded in paraffin blocks. Cross-sections (10-µm thick) were cut from the blocks and mounted on glass slides. Some slides were stained with hematoxylin and eosin (H&E); others were analyzed using immunohistochemistry. Comparisons between groups were made using a two-tailed Student's t-test; a P-value < 0.05 was considered statistically significant. Figure 1A shows a fluorescence micrograph of a section of intact urinary bladder (detrusor + mucosae) immunostained for smooth muscle α-actin (green). Nuclei were stained with DAPI (blue). Smooth muscle α-actin was expressed throughout the detrusor smooth muscle and in the walls of the blood vessels. Notably, between the detrusor and urothelial layers there were discontinuous sheets of tissue that stained positive for α-actin.
Results
Morphology of mucosal strips
In addition to smooth muscle, some ICCs also express α-actin (37) . Although this layer of positive α-actin expression may contain both ICCs and smooth muscle, we have termed this layer the muscularis mucosae by analogy to similar tissue in human urinary bladder (10, 42, 54, 59, 67, 68) . Mucosal tissue strips, separated from the detrusor along the natural plane of division (shown in Figure 1A ) and immunostained for α-actin, contained the urothelium, blood vessels, and muscularis mucosae smooth muscle bundles Figure 1D is a schematic of the tissue layers in the bladder wall showing the location of the muscularis mucosae. The guinea pig urinary bladder muscularis mucosae appears to be composed of a discontinuous band of smooth muscle sheets and bundles that are located in close proximity to the urothelium.
Mucosal tissue strips exhibit phasic contractions.
SPCs of urinary bladder (detrusor) smooth muscle strips from guinea pig have been extensively studied, but these studies have typically been performed with the mucosae removed so as to minimize possible influences from the urothelium (32, 33, 44) .
To address the potential functional properties of the mucosae and relate them to those of the detrusor, we examined the contractile properties of isolated mucosal and detrusor strips. Contrary to expectations, mucosal tissue strips exhibited robust SPCs (Figure 2A) .
Interestingly, the SPCs of mucosal and detrusor strips taken from the same urinary bladder exhibited statistically similar amplitudes and frequencies ( Figure 2B and C).
This similarity is striking given the much greater smooth muscle mass in the detrusor strips compared to the sparse distribution of smooth muscle in the mucosal strips ( Figure   1A and B).
Mucosal SPCs are attributable to the muscularis mucosae.
One possible origin for the SPCs in mucosal tissue strips is the suburothelial ICC layer. However, in the guinea pig preparations, the suburothelial ICCs did not stain for smooth muscle α-actin ( Figure 1B) , and thus seem unlikely to possess contractile properties. To determine if SPCs in the guinea pig mucosae could be specifically linked to the muscularis mucosae, we measured Ca Figure 3A with SPC frequency in Figure   2C ). Ca flashes, typified by the recording shown in Figure 3A .
The results of our Ca 2+ imaging indicate that the SPCs of the guinea pig mucosae most likely arise from bursts of Ca 2+ flashes in smooth muscle sheets and bundles that compose the muscularis mucosae. In addition, despite the spatial separation of mucosal smooth muscle bundles and sheets, mechanisms that enable a high degree of coordination between the discrete islands of smooth muscle appear to exist. Lastly, the unique Ca 2+ signature of the muscularis mucosae indicates that it is physiologically distinct from the detrusor.
Mucosal phasic contractions are non-neurogenic and spontaneous.
The urothelium is known to release both ATP and ACh (19, 41, 73) , and the submucosal space is richly innervated with nerve fibers that could also potentially release ATP and ACh (15, 24, 70). To determine whether mucosal phasic contractions were being driven by urothelial and/or neuronal release of ATP or ACh, we exposed mucosal tissue strips to atropine (20 µM 
Force generation by mucosal smooth muscle
The force generated by mucosal SPCs was similar to that of the matched detrusor strips (Figure 2 ). This observation was intriguing because the smooth muscle content in the mucosal strips is clearly lower than that in the detrusor strips ( Figure 1A and B) . One possible explanation for this observation is that each spontaneous contraction of the detrusor only recruits a small fraction of the total muscle fibers present in the detrusor strip, whereas each SPC of the mucosal strip recruits a relatively large proportion of the available smooth muscle. If this is the case, then the total maximum force-generating capacity of the detrusor strips should be much greater than that of the mucosal strips, despite the similarity in spontaneous contraction force.
To investigate this possibility, we contracted mucosal and detrusor tissue strips by depolarizing with 60 mM K + . As shown in the original recordings ( Figure 5A and B), depolarization with 60 mM K + had a profoundly greater effect on the contractile response of detrusor strips, inducing approximately a 40-fold greater increase in peak force in these strips (36.12 ± 7.33 mN) than in mucosal strips (0.88 ± 0.21 mN; P < 0.05; n = 6; Figure 5C ). In addition, the steady-state force (tone) generated in response to 60 mM K + (baseline in Figure 5A and B) was significantly greater for the detrusor strips (11.22 ± 4.53 mN) than the mucosal strips (0.67 ± 44 mN; P < 0.05; n = 6). Lastly, the amplitude of the phasic contractions in the presence of 60 mM K + was also significantly elevated in detrusor strips (9.15 ± 1.56 mN) compared to mucosal strips (0.81 ± 0.74 mN; Figure 5D ; P < 0.05; n = 8). These findings indicate that, although the force of mucosal SPCs may be equivalent to those of the detrusor, the detrusor has the potential to generate much more force than the mucosal smooth muscle. Interestingly, in the mucosal strips, the peak force amplitude generated by treatment with 60 mM K + was not significantly greater (12.2% ± 2.2%; n = 6) than the amplitude of the SPCs that preceded it ( Figure   5B ), suggesting that virtually all contractile cells available within the mucosal strip are recruited by mucosal SPCs.
EFS evokes contraction of detrusor and mucosal strips.
In addition to SPCs, the urinary bladder also contracts forcefully to EFS. To study the response of the detrusor and muscularis mucosae to EFS, we prepared tissue strips as described in Materials and Methods and placed them in tissue baths adjacent to stimulating electrodes. EFS (0.5-50 Hz), was used to stimulate contractions in detrusor and mucosal strips ( Figure 6 ). To measure the contribution of muscarinic and purinergic pathways to contractions, we applied atropine 10 μM) and/or α,β-methylene ATP (10 μM) to inhibit muscarinic and purinergic receptors, respectively. In detrusor strips, EFS caused a frequency-dependent increase in force. Atropine produced a frequencydependent reduction in the amplitude of EFS-induced contractions, ranging from 47.4% at 0.5 Hz to 69.6% at 50 Hz (Figure 6Aa 
BK channel expression and activity in mucosal smooth muscle
Given the prominent role that BK channels play in regulating detrusor contractility (9, 25, 29, 32, 33, 58, 69) , we sought to determine their role in the regulation of mucosal smooth muscle contractility. To assess the relative importance of BK channels in the regulation of mucosal smooth muscle SPCs, we tested the effects of the BK channel blocker IbTX (100 nM) on the SPCs of mucosal and detrusor tissue strips.
As expected, block of BK channels with IbTX greatly enhanced SPCs in detrusor strips ( Figure 7A and C) , increasing the force integral by almost 5-fold (P < 0.05; n = 11 strips).
In contrast, block of BK channels did not have a significant effect on mucosal SPCs (n = 16 strips; Figure 7B and C).
The feeble response of mucosal SPCs to IbTX suggests that the level of BK channel expression in mucosal smooth muscle is low relative to that in the detrusor. To investigate this possibility, we used the patch-clamp technique to compare IbTX-sensitive BK currents (I BK ) in myocytes isolated from detrusor and mucosal smooth muscle.
Whole-cell currents were evoked from freshly isolated myocytes using 10-mV depolarizing steps from a holding potential of -60 mV up to +60 mV. With a capacitance of 32.3 ± 2.3 pF (n = 13), detrusor smooth muscle cells were significantly larger (P < 0.05) than mucosal smooth muscle cells (capacitance, 25.9 ± 1.6 pF; n = 17). The peak outward current density (I O ) of mucosal smooth muscle cells was significantly less than that of detrusor smooth muscle cells ( Figure 8A and B, first panel) . The resultant current-voltage (I-V) relationship of end-pulse currents ( Figure 8C) shows that the whole-cell I O in mucosal smooth muscle cells was lower at all positive membrane potentials evaluated (P < 0.05). At +60 mV, I O was 13.9 ± 2.3 pA/pF (n = 13) in detrusor myocytes and 6.9 ± 0.8 pA/pF (n = 17) in mucosal myocytes -approximately a 2-fold difference.
The BK channel blocker IbTX (100 nM) was used to determine the I BK densities in isolated myocytes. IbTX had a greater effect on outward currents in detrusor cells than on those in mucosal smooth muscle cells ( Figure 8A and B, second panel) ; thus, the resulting IbTX difference current ( Figure 8A and B, third panel) was much greater in the detrusor cells. The I-V curves for end-pulse currents ( Figure 8D) show that I BK was lower in mucosal smooth muscle cells than in detrusor smooth muscle cells, a difference that was significant at membrane potentials of +40 mV and above (P < 0.05; n = 13 cells each). At +60 mV, the current density was 5.20 ± 1.15 pA/pF in detrusor smooth muscle cells and only 0.92 ± 0.60 pA/pF in mucosal smooth muscle cells. Collectively, the results of these patch-clamp experiments suggest that the diminished contractile response to IbTX in mucosal tissue strips compared to that in detrusor strips ( Figure 7 ) may be due to a reduction in the density of I BK in mucosal smooth muscle myocytes.
SK channel activity is minimal or absent in mucosal smooth muscle.
Urinary bladder contractility is also modulated by K + efflux through SK channels (27, 33, 35) , which contribute to the afterhyperpolarization of the urinary bladder smooth muscle action potential (12, 21) ; blocking SK channels results in an increase in detrusor SPCs (9, 27, 33, 35) . To determine if SK channel activity, like BK channel activity, was different between mucosal and detrusor myoctyes, we first compared the effects of the SK channel blocker apamin (300 nM) on mucosal and detrusor smooth muscle SPCs.
Representative myograph recordings of detrusor ( Figure 9A ) and mucosal ( Figure 9B) smooth muscle strips clearly show a prominent effect of apamin on detrusor strips and essentially no effect on mucosal strips. Apamin increased the force integral of detrusor SPCs to 335.5% ± 79.7% of the initial force (P < 0.05; n = 9), but had no significant effect on mucosal SPCs (n = 17; Figure 9C) .
Discussion
In the current study, we provide the first characterization of the pharmacology and physiology of urinary bladder muscularis mucosae smooth muscle. Mucosae and detrusor strips exhibited SPCs of similar amplitudes and frequencies that depended on functional L-VDCCs. EFS induced a frequency-dependent increase in contraction amplitude in detrusor and mucosal strips that was nearly abolished by inhibition of both muscarinic and purinergic recepotors. However, muscularis mucosae smooth muscle also exhibited distinctly different properties than detrusor smooth muscle. The maximal force-generating capacity (in response to 60 mM K + ) of detrusor strips was about 40-fold greater than that of mucosal strips. Indeed, the peak force of mucosal strip SPCs was similar to that induced by 60 mM K + , suggesting that mucosal SPCs engage all muscle bundles in a strip. The minimal effect of BK and SK channel blockers on mucosal SPCs is striking in comparison to the robust effects of these inhibitors on detrusor contractility.
Contractile properties of the muscularis mucosae
The similarity of SPC amplitude and frequency between mucosal and detrusor strips from the same bladder is particularly striking. One explanation for this finding is that similar numbers of muscle bundles in the two strips are being driven by the same type of pacemaker. ICCs have been identified in both the mucosae and detrusor, although their function is still unclear (47, 71) . Indeed, we observed Ca 2+ signals in structures linking muscle bundles in the mucosae (see Figure 3 and Supplemental Movies 1 and 2). Our data indicate that a SPC engages most of the smooth muscle in a mucosal strip. In contrast, based on our measurements, SPCs of the detrusor represents activation of a small fraction (~3%) of the muscle in a strip.
Consistent with this, it has been shown that current injection into one detrusor myocyte cannot be detected at a distance of even a few cells from the microelectrode source (8) . Similarly, Gillespie and colleagues (16) have shown that ex vivo wholebladder preparations exhibit "micro-contractions" that are highly localized to discrete regions of the bladder and do not propagate across the whole bladder (these bladders also exhibited more complex, integrated contractions, as well).
The force of evoked contractile responses in muscularis mucosae, whether induced by EFS or high K + , was comparable to that of SPCs. This was true even at higher stimulating frequencies, consistent with EFS engaging all of the smooth muscle bundles in the mucosal strip. There is little information on the innervation of the muscularis mucosae, although the suburothelial region surrounding the muscularis mucosae is richly innervated (4, 14) . Studies of the digestive tract have shown that the innervation of the muscularis mucosae varies greatly among different regions and between species, and includes cholinergic, peptidergic, and adrenergic nerve fibers (65) .
We found that mucosal phasic contractions were absolutely dependent upon Ca 2+ influx through L-VDCCs, a property that is shared by detrusor smooth muscle (27, 29) .
Interestingly, it has been reported that gastrointestinal muscularis mucosae is insensitive to L-type channel antagonists (64, 66) . Like SPCs in the detrusor (26) , the SPCs of bladder mucosal smooth muscle do not appear to require SR Ca 2+ stores. The muscularis mucosae exists in close proximity to the urothelium, nerve fibers and ICCs, all of which could be potential sources of contractile modulators (2, 6, 28, 48, 52) . However, the phasic contractions exhibited by mucosal strips appear to be non-neurogenic and spontaneous in origin as they were not affected by inhibition of muscarinic receptors, purinergic receptors, or voltage-dependent sodium channels. Recently, Burcher and colleagues (60) reported that mucosal strips of pig urinary bladder, denuded of the detrusor smooth muscle layer, contract in response to carbachol and neurokinin A. The authors attributed this contractile response to the suburothelial ICCs rather than to the muscularis mucosae. They did, however, note that sparse smooth muscle was still present in these mucosal strips. Although we cannot definitively rule out the possibility that suburothelial ICCs may contribute to the SPCs of mucosal strips, we found that α-actin was only expressed in the discrete bundles of smooth muscle within the mucosae (Figure 1) . Furthermore, Ca The physiological role of SPCs in urinary bladder has been the focus of numerous studies; however, the precise role of SPCs remains unclear. These small spontaneous non-voiding contractions, which occur in parts of the bladder wall, have also been called micromotions (11) or micro-transients (16) . These events may be important during the filling phase, playing a role in adjusting the length of smooth muscle fibers in response to filling (7) or communicating information on bladder fullness (11, 16, 22) . Because the contractile force of muscularis mucosae contractions is ~40 times less than that of the detrusor, these events would be expected to contribute minimally to micturition.
BK and SK channels in muscularis mucosae
The contractility of detrusor smooth muscle is profoundly influenced by BK and SK channels (27, 32, 33, 69) . Given the major role that these two ion channel types play in modulating the excitability and contractility of detrusor smooth muscle, it was surprising that neither seemed to play a role in modulating the SPCs in mucosal smooth muscle.
Neither blocking BK nor SK channels had a significant effect on mucosal SPCs (Figures   7 and 9 ). BK channel current density was also significantly lower in mucosal than in detrusor myocytes (Figure 8 ). We have previously characterized SK currents in detrusor myocytes (36) , and did not explore this issue in mucosal myocytes because the SK channel blocker apamin did not affect mucosal contractility ( Figure 9 ). These results indicate that mucosal smooth muscle has a distinctly different ion channel composition than detrusor myocytes. Taken together, the results of myography experiments (SK and BK channels) and electrophysiological data (BK channels) suggest that mucosal smooth muscle has properties that clearly distinguish it from detrusor smooth muscle.
Perspectives and Significance
In the present study we describe a separate compartment of smooth muscle -the muscularis mucosae -located just below the urothelium in guinea pig urinary bladder that underlies the SPCs in urothelial strips. The unique Ca 2+ -activity signature and pharmacological properties of the muscularis mucosae, such as its relative unresponsiveness to BK and SK channel blockers, indicate that this tissue layer is functionally distinct from the detrusor smooth muscle.
SPCs are found in the urinary bladder of many species, including humans, yet their role is not well understood. They occur normally during bladder filling and may 
